In order to understand the water budget of the planet it is important to measure the rainfall distribution. We can now achieve relatively good rainfall estimates from satellites over almost the entire planet. Only measuring rainfall amounts is however not enough for understanding the underlying physical processes that determine where, when, and how much rainfall occurs. We must also observe and measure other atmospheric characteristics that are related to rainfall, such as the properties of clouds. In this paper we propose a method that will help us better understand what cloud mixtures the precipitation of the tropical region (covering about half the are of the planet and exhibiting the strongest rainfall intensities) originates from. We achieve this by combining different satellite measurements targeted to rainfall and cloud thicknesslheight estimations. One of our main findings is that in the tropics about half of the total rainfall comes from one particular type of cloud mixtures, associated with deep storm systems.
period. Our main precipitation data set is the TRMM Multisatellite Precipitation Analysis 3B42 30 data set, but Global Precipitation Climatology Project daily data are also used for comparison. 31 We find that the most convective weather state (WS 1), despite an occurrence frequency below 32 10%, is the most dominant state with regard to surface precipitation, producing both the largest 33 mean precipitation rates when present and the largest percent contribution to the total 34 precipitation of the tropical zone of our study; yet, even this weather state appears to not 35 precipitate about half the time. WS 1 exhibits a modest annual cycle of domain-average 36 precipitation rate, but notable seasonal shifts in its geographic distribution. The precipitation 37 rates of the other weather states tend to be stronger when occuring before or after WS 1. The 38 relative contribution of the various weather states to total precipitation is different between ocean 39 and land, with WS 1 producing more intense precipitation on average over ocean than land. The 40 results of this study, in addition to advancing our understanding of the current state of tropical 41 precipitation, can serve as a higher order diagnostic test on whether it is distributed realistically 1. Introduction of occurrence. While the average effect of cloud can be studied in aggregate, grouping the 48 multitude of observed cloud systems into discernible cloud regimes and studying the energy and 49 water budgets associated with them can be a far more useful approach for understanding the 50 potential impact of cloud changes on future water and energy budget distributions. An additional 51 advantage of such a holistic approach is that more physically-based diagnostics to evaluate 52 Global Climate Model (GCM) hydrological and radiative budgets can be formulated.
53
A number of recent studies have focused on the topic of objectively identifying distinct 54 cloud regimes. The criterion commonly used for identifying cloud regimes is the co-variation of 55 cloud location (expressed as cloud top height or pressure) and extinction (expressed as cloud 56 optical thickness or reflectivity). Cloud mixtures exhibiting certain patterns in the co-variation of 57 these quantities can be identified as distinct cloud regimes. The patterns can be identified with 58 either neural network or k-means clustering techniques with the latter being generally easier to 59 implement and therefore more popular (Jakob and Tselioudis 2003; Rossow Fig. 4 (WS 1) there is not much spatial correlation between mean precipitation 218 rate and contribution. This is because areas where WS 1 produces large precipitation are often 219 also areas where WS 1 rarely occurs. Second, areas where a particular weather state appears to be 220 contributing significantly are not necessarily areas where that state produces significant 221 precipitation. In other words, the fractional contribution of a state may be large, but with a small 222 total grid cell precipitation, the absolute amounts of precipitation involved are small even for the 224 being the largest contributor of precipitation off the west coast of S. America, a generally dry 225 area ( Fig. 3 ).
226
The domain-average annual daytime mean precipitation and fractional contribution of each 227 weather state to the total tropical precipitation from TMPA-3B42 is shown in Fig. 5 cell is defined as "land" when is contains less than 25% water, "ocean" when it is more that 75% 239 water and "mixed" in all other cases. According to this convention, in our latitude zone 23.1 % of 240 2.5 0 grid cells are land, 71.4% are ocean, and the remaining 5.5% are "mixed". One striking, and 241 somewhat unexpected finding is that the mean precipitation rate of WS I is significantly higher 242 over ocean (21 mmlday) than over land (14 mmlday Fig. 7 .
302
Contrasting the upper two panels reveals that using the GPCP-1DD data and the constant 303 daytime precipitation assumption leads to a notably different, but not surprising, picture on the 304 precipitation intensity and relative importance of the three most convective states, compared to 305 TMPA-3B42. The precipitation rate of WS 1 falls from ~ 19 mmlday to ~ 14.5 mm/day and the 306 fractional contribution from 0.49 to 0.33. On the flip side, the mean precipitation rate and 307 fractional contribution of WS2 and WS3 increase: the ratio of WS2 and WS 1 fractional 308 contributions increases from 0.32 for TMPA-3B42 to 0.60 for GPCP-1DD, while the ratio of 309 WS3 to WS1 fractional contributions increases from 0.38 to 0.68. It appears therefore that when 310 WS2 or WS3 are observed in a grid cell on the same day as WS1, the constant daytime precipitation assumption assigns to WS2 and WS3 day-averaged precipitation estimates inflated 312 by the occurrence of WS1 in the hours before or after (this is further examined later). One can of 313 course view this misassignment of precipitation also from the WS 1 perspective, with weaker 314 precipitation assigned to WS 1 in grid cells where convectively weaker states have also occurred states WS4 to WS8, making them appear somewhat stronger precipitation producers and equal footing by including in the compositing only the grid cells with a single weather state 320 during daytime. The results from this analysis are shown in the lower two panels of Fig. 7 . The 
357
Finally, some zero precipitation WS 1 occurences may be due to space and time mis-matches:
358
TRMM obtains an instantaneous sample within a 3-hour period and so does ISCCP, but they do 359 not necessarily coincide within that time interval time, with separations high as 1-2 hours be looking at the same pixels, different areas within the same grid cell may be captured by the 362 two datasets. grid cell at some point during daytime it is highly unlikely that no precipitation will be recorded 366 at some other time during the same day. Indeed, regardless of what data set or assumption is used 367 for compositing daily precipitation, there is never a higher than 10% chance that a grid cell 368 containing WSI will remain precipitation-free for the entire day.
369
The frequency of non-precipitating cloud mixtures increases rapidly as one progressively 370 moves to the most convectively suppressed weather states. For example, even for WS3, 86% of 371 occurences are not associated with any precipitation according to TMPA-3B42 (upper left 372 panel). These frequencies are again smaller when daily precipitation averages are composited: 373 the other three panels agree that only ~450/0 of grid cells containing WS3 at some point during 374 daytime will maintain zero precipitation throughout the day.
375
At the high end of the precipitation distribution we note from the upper left panel of Fig. 8 376 that while about 26% of WSI occurences are associated with rain rates above 24 mm/day, the Figure 9 shows the annual-domain averaged precipitation of a weather state as a function of 
468
We find that the mixture of high and optically thick clouds represented by weather state 469 with index "1" (WS 1) in the ISCCP data set and considered the most convectively active is 470 associated with almost half the tropical precipitation despite the fact that it occurs only about 6% 471 of the time. This is because its mean precipitation rate at the time of occurrence is about 19 472 mmlday, more than four times higher than the second most active state (WS2) which happens to Since clouds are the most prominent regulators of radiation and precipitation, it is natural to 499 explore in future work the connections between precipitation, radiation, and the state of the 500 atmosphere as a function of cloud regime within the weather state framework. Some work along 501 these lines has already been performed to some extent (e.g., Gordon 
